Neuropsychiatric symptoms (NPS) have been regarded as predictors of poor outcomes, and the use of neuroleptics as well, but with contradictory results. The objective of this article is to perform a systematic review of published works dealing with progression and survival in AD.
Research Dr. Pedro J Modrego on the definition of agitation; but, according to the International Psychogeriatric Association, agitation is defined as emotional distress associated with at least one of the following symptoms: excessive verbal activity, verbal aggression, or physical aggression [14] .
Given the high prevalence of AD and related behavioural symptoms, as well as the big impact on the healthcare system costs and caregiver burden, the objective of this review is to analyse in a comprehensive manner the determinant factors of survival and faster cognitive decline in AD, with especial focus on neuropsychiatric symptoms, and the influence of antipsychotics and antidepressants on these outcomes.
Methods/Literature Search
The main questions to be answered were: a) Does the presence of neuropsychiatric symptoms predict higher mortality and/or faster cognitive decline in AD?; b) Is the use of neuroleptics associate with shorter survival/faster cognitive decline in AD patients? c) Are there other predictors of mortality and poorer outcomes in AD?
For analysing data sources, we have followed the PRISMA guidelines. We have searched in PubMed and Cochrane Library articles focused in predictors of mortality/survival, faster cognitive decline in AD: co-morbidities, vascular risk factors, gender, extrapyramidal symptoms, neuropsychiatric symptoms, use of psychotropic drugs, and genetic factors, published from January 1985 to April 2018. We gave preference to the studies with the highest level of evidence for prognosis in the following order: prospective cohorts, retrospective cohorts, meta-analysis from clinical trials using neuroleptics or antidepressants, case-control studies, and previous systematic reviews. We used the levels of clinical evidence for prognosis studies of the North America Spine Society, 2005.
Initially we identified 426 articles dealing with mortality/survival, faster cognitive decline, and neuroleptics related mortality. After reading the abstracts we selected 121 articles pertinent to this review, and finally 84 of them offered relevant information, and were used for the systematic review (Figure 1 ).
Introduction
Alzheimer's disease (AD) is a functionally and mentally devastating disease but the clinical course varies among patients, with long periods of stabilisation in many patients and rapid progression and shorter survival in others. Life expectancy varies from 3 to 10 years ant it depends on the age at onset and many other variables [1] . Little is known about the neurobiological basis of these differences and about predictors of rapid progression and mortality. Co-morbidities are frequent in AD patients and tend to increase in frequency and severity over time, especially depression, fluid/electrolyte disorders, weight loss, and psychosis, which may predict worse outcomes in a nationwide inpatient sample [2] .
Neuropsychiatric symptoms such as depression, apathy, aggression, and psychosis, have emerged as predictors of faster cognitive decline, disability, and shorter survival [3, 4] . The biological basis of these symptoms is poorly understood, but psychological, social, functional, and environmental factors play a role in its development [5] . Depression is one of the most studied neuropsychiatric co-morbid condition in AD, and that appears in around 50% of patients [6] , it does not seem to arise from dysfunction of serotoninergic or noradrenergic systems, but from dysfunction in the glutamatergic system [7] , or as a consequence of oxidative stress [8] . Anxiety is also very common in AD patients, up to 70% of them may have anxiety, and 54% had anxiety plus depression [9] . Delusions, agitation, aggression, hallucinations, sleep disturbances are stressful symptoms for patients and caregiver with increasing prevalence overtime. In Table  1 are reported the frequencies of the different neuropsychiatric symptoms according to a systematic review of 48 eligible works [10] .
Neuropsychiatric/behavioural symptoms have been associated with worse outcome in AD and other dementias [3] . They led to institutionalization in many cases as shown by a large cohort of 1145 patients [11] . Not all symptoms are equally distressing for patients and caregivers. Agitation/aggression is the most distressful behavioural symptoms with possible harm for patients and caregivers, and leading to the use of neuroleptics [12] . Although not the most frequent, delusions and hallucinations are very disturbing symptoms for which age, gender and education level are not predictive; they that may appear in up to 51% of patients at 4 years We analysed the predictive power of a series of factors on survival/mortality, and the progression of cognitive decline; these factors were: gender, vascular risk factors, extrapyramidal signs, neuropsychiatric symptoms, the use of psychotropic drugs, genetic factors, and other predictors. Especial emphasis was put on neuropsychiatric symptoms and the use of neuroleptics. The main statistical parameter estimated was the adjusted hazard ratio or relative risk for each predictor. Meta-analysis was not possible because of the lack of complete datasets. Despite this caveat, we have displayed the HR and 95% CI of the different prospective cohorts in a forest plot graphic for better distinguishing the estimations and differences among the cohorts analysed.
Results

Demographic factors
In Table 2 are given the predictive factors of poorer outcomes in AD found in the different papers revised. Among demographic variables, there are four predictors that appeared consistently across many cohort studies: male gender [15] [16] [17] [18] [19] [20] [21] [22] [23] and extrapyramidal signs [24] [25] [26] [27] [28] [29] , which are associated with both shorter survival and faster cognitive decline. Only in one study the female gender was associated with poorer outcome [30] . In the large retrospective cohort study comprising 5831 men and 17918 women, the shorter survival in men was explained by the increased number of co-morbidities in this group (cancer, arrhythmia, obstructive pulmonary disease, and Parkinson's disease [21] . High educational level appeared also as an indicator of worse outcomes [22, [31] [32] [33] . Vascular risk factors were associated with poorer outcomes in some studies [33] [34] [35] [36] but not in another one [32] .
Genetic factors
The APOE genotype has been used as marker of risk for AD, but it is also highly prevalent in MCI patients, and normal subjects. The APOE4 allele has been clearly associated with the presence of the beta amyloid in the brain of 853 β+ AD patients [37] . But the role of the E4 allele/alleles has not been elucidated in terms of poor survival or faster cognitive decline, even the results are contradictory according to different reports. In one of them, the presence of one/two APOE4 alleles was associated with faster cognitive decline in two prospective population-based cohorts following-up a total of 560 prevalent and incident AD cases [38] . However in a cohort of 99 AD patients the presence of at least one APOE4 allele was associated with a less aggressive progression of AD and decreased mortality (RR: 0,38; 95%CI: 0,17-0,84) in comparisons with non-APOE4 allele carriers [39] The same occurred in a cohort of 99 early onset AD [40] .
Neuropsychiatric symptoms
In Table 3 and Figure 2 are listed the prospective cohort studies focused on NPS and mortality in AD, with evidence level I. Considered together the high levels of NPS were predictive of mortality from moderate or severe stages of AD, according to a large prospective cohort of 1145 patients [11] . Separately analysed and taking into account the number of patients followedup, delusions were not clearly predictive of mortality. In three cohorts totalling 948 patients, delusions/psychosis increased the risk of mortality [41] [42] [43] . But in 5 cohorts totalling 1586 patients there was no statistical association between delusions/psychosis and death [23, [44] [45] [46] [47] Apathy was analysed in two cohorts; in one of them [43] the risk of death was significantly increased (HR: 3.22), but in the other one 1. psychiatric symptoms (Tables 3 and 4). 2. Language and executive function impairment in early phases [16, 32] 3. High CSF t-tau and p-tau levels [69] 4. Low plasma levels of Abeta40 and Abeta42, and C-reactive protein levels [70] 5. 7. Impairment of daily living activities [71] .
8. Caregivers attitude [72] 9. Genetic factors (ApoE4 genotype with contradictory results) [38] [39] [40] .
10. Severity of cognitive impairment at baseline [23, 61, 63, 73] 11. Cortical atrophy on MR-based volumetry [75] .
12. Presence/absenc of treatment with ChEI [76] [77] [78] [79] .
13. Signs of parkinsonism [26] [27] [28] [29] 43, 61] 14. Nutritional status [30, 74] Determinants of Progression and Mortality in Alzheimer's disease: A Systematic Review the HR did not reach statistical significance (HR: 1.22) [22] . For agitation/aggression, the risk of death was significant in two cohorts comprising 470 patients (HR: 2.98 and 1.94 respectively) [27, 41] and not significant in one cohort including 179 patients (HR: 1.01). 45 Hallucinations were predictive of death in three cohorts [29, 44, 47] so was depression/affective disorder in other three cohorts [41, 43, 48] .
The risk of mortality in neuroleptics and other neurotropic drugs users
Atypical neuroleptics, and other sedative drugs are many times necessary to treat behavioural symptoms in patients with AD and other dementias, and are useful to treat aggression and psychosis according to a meta-analysis based on 16 placebo controlled trials, but with serious adverse events; mortality was not analysed here because of insufficient data [49] . A previous meta-analysis of 17 placebo controlled trials conducted by the FDA showed an increased mortality in the group on atypical neuroleptics, as a result of cardiovascular events; RR: 1.7; Furthermore, another meta-analysis of 12 trials and 11,463 patients did not confirm the increased risk of death in patients on either conventional or atypical neuroleptics (pooled RR 1,36; 95% CI: 0.83-2.24); only when three trials were excluded because of heterogeneity, then the RR was 2.08 (1.39-3.13) [50] .
Data from many cohorts are available. With regard to retrospective cohorts and evidence level II, the results are consistent in some aspects and contradictory in others. From a retrospective population-based cohort in Italy comprising 4369 residents aged 60 or older it was concluded that mortality increased two fold with atypical neuroleptics and 5 fold with conventional neuroleptics in comparison with non-treated patients [51] . In a nationwide Danish registry with 45,894 followed-up for 10 years showed that cumulative antipsychotic dosage increased mortality rates from cardiovascular events and infections between 1.92 and 2,31 times [52] . Two large retrospective studies comprising respectively 90,786, and 43,183 communitydwelling demented patients aged 65 or older, found a dose-dependent increased mortality in treated patients, with the highest rates in those treated with either haloperidol or risperidone, and the lowest in the group on quetiapine [53, 54] . However not all retrospective studies point in the same direction. In a retrospective cohort of nursing home AD patients, 3696 with behavioural symptoms were treated respectively with either antipsychotics (2035 patients) or antidepressants (1661 patients) for 3 consecutive months; mortality rates were lower in both treated groups than in non-treated group [55] . In a meta-analysis focused on risperidone trials, cardiovascular events and all cause mortality were more frequent in the treated group but Determinants of Progression and Mortality in Alzheimer's disease: A Systematic Review without statistical significance (evidence level I) [56] . Moreover, in a large retrospective cohort including 3 sub-cohorts of nursing home Medicare beneficiaries (severe mental illness: 5621 patients; dementia with behavioural symptoms: 1090 patients, and 2100 patients with delirium), the mortality rates were lower in the groups of patients treated with antipsychotics; RR: 0,52 (0,36-0,76) [57] .
On the light of prospective cohort studies of Table 3 (evidence level I), the trends are more consistent. Only one study of 779 patients with dementia in 7, yielded an increased mortality with neuroleptics [23] versus the 2756 followedup in the other 6 cohorts [29, 41, 44, 45, 58] . Only one prospective cohort of 273 patients was nursing home-based, and the mortality rate was even higher in the group of non-treated patients than in those treated with neuroleptics, but the follow-up period, just one year, was shorter than the rest of the cohorts [59] .
Interestingly, the use of any: sedatives, anxiolytics, or hypnotics, as a separate variable, but not antidepressants. increased the risk of death more than twice (HR: 2.85; 95% CI: 1.6-3.5) [45] . In return the use of antidepressants in nursing home patients with AD increased the risk of fractures in comparison with antipsychotics, adjusted HR: 1.35 (1.10-1.66); considering the variable risk of falls or fractures the HR remained significant: 1.16 (1.02-1.32) [60] .
Predictors of faster cognitive decline
In Table 2 are listed the possible predictive variables of faster cognitive decline, and in Table  4 the prospective cohorts analysing the risk of faster progression in AD and related dementias. Having a look at the Table 4 , it can be observed that most studies point towards an increased risk of faster cognitive deterioration in patients having high levels of behavioural symptoms [11, 61, 62] psychosis/delusions [26, 30, 41, 44, 45, 47, 63, 64] , hallucinations [27, 44] , agitation/aggression [27, 41, 64] and the use of antipsychotics. In two cohorts including 695 patients [45, 47] antipsychotics use predicted faster deterioration versus one cohort including 185 patients that did not [65] . A longitudinal study of 71 demented patients showed that the rate of cognitive decline in conventional neuroleptic users was twice that the observed in non-users [66] . Depression did not predict faster cognitive decline in three cohorts [41, 45, 64] . 3)* n=184 [65] NS n=445 [47] 1.6 (1.03-2.49)* n=71 [66] P=0.02. HR not reported Depression [41] 1.21 (0,69-2.14) NS " [5] 0.78 (0.57-1.07) NS n=517 [64] NS in curve comparison, Agitation/aggression [41] 2.88 (1.39-5.96)* n=135 [27] 2.98 (1.35-6.65)* n=517 [64] P<0.00 * means significant. NS means not significant. BRSD: behavioural rating scale for dementia.
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Other little studied predictors of faster decline have been claimed such as early language and executive function impairment [16, 67, 68] high levels of CSF tau and p-tau levels [69] low plasma levels of Abeta40 and Abeta42 and elevated plasma levels of high sensitivity C-reactive protein [70] impairment of daily living activities [71] , caregivers attitude [72] , baseline severity of dementia [23, 62, 64, 73] nutritional status [30, 74] and cortical atrophy on MR-based volumetry [75] .
Cholinesterase inhibitor use and outcomes
The effect of ChEI use on survival has not been clearly elucidated, but the trend is for increased survival time. The treatment with cholinesterase inhibitors (higher doses and longer duration of treatment) was associated with longer survival and slower cognitive deterioration in a prospective multi-centre study of ChEI in the clinical practice comprising 1021 communitybased AD patients followed-up for up to 16 years [76] . Conversely, in a sub-cohort of 220 nursing home-based patients from the same multi-centre study, the use of ChEI did not alter survival time [77] . Positive results were also seen in a large database-linked retrospective cohort of 2646 patients (evidence level II), with lower mortality rates in ChEI users, adjusted HR: 0.77 (0.67-0.87) [78] . Surprisingly, in a cohort of 156 AD patients, those who were taking cholinesterase inhibitors experienced a worse functional and cognitive progression compared with ChEInaïve patients [79] .
Discussion
In this systematic review we have taken into account a large number of patients and cohorts dealing with predictors of mortality and faster cognitive decline in AD. From prospective cohorts we found enough evidence that NPS increased the risk of mortality and faster cognitive decline in AD patients.
An increased risk of mortality attributed to the use of neuroleptics was found in meta-analysis of clinical trials and in some retrospective cohorts but not in the prospective ones. Although prospective cohorts are a better quality source of information, the number of patients followedup is much lower than in the retrospective cohorts: 3808 versus 211,908 patients. However the data are more imprecise and less reliable in retrospective studies. Therefore, there is not a clear evidence on whether the risk of neuroleptics outweigh the benefits in patients with dementia and behavioural symptoms not controlled by other means.
The clinical trials of antipsychotics in dementia use to be conducted for short-term periods (6-12 weeks), whereas the cohorts are followedup for years. The discrepancies found in the retrospective cohorts might be explained by the different setting in which the patients live. Moreover, it can be argued that the results from observational studies of nursing home patients cannot be extrapolated to communitydwelling ones, as the nursing home-dwelling patients present higher degrees of cognitive and functional impairment. Therefore it is likely that the benefits of neuroleptics outweigh the risks in the subpopulation of patients living in nursing homes, and in the community-dwelling patients with highly disturbing NPS non-controlled by other means.
Switching from atypical to conventional neuroleptics is not of help as the risk of mortality was higher in the elderly treated with conventional neuroleptics than in those treated with the atypical ones in two large retrospective community-based cohorts including 43,183 and 22,890 respectively [54, 80] . With regard to other pharmacologic treatments, eg: hypnotics, anxiolytics and antidepressants, they are not free of serious side-effects as it was commented before. Well known is the QT space prolongation associated with the use of citalopram which is given for agitation.
It is also interesting the clinical progression of AD across the different parts of Europe [81] . Functional decline was faster in Southern Europe but caregiver burden increased more in Northern Europe. The rate of admissions to nursing home was lowest in Southern Europe than in the North. It may reflect the better-off economic status in Northern Europe than in the South, given that the access to nursing home and other services are less affordable in the South of Europe. Living alone and physical limitations are frequent causes of choosing a nursing home to stay instead of household, and it does not mean worse cognitive function or having burdensome NPS. For this reasons it is of questionable value to use the nursing home admission as an indicator of worse outcome in AD patients, and as an end-point in clinical trials. There were no differences in the progression of cognitive and behavioural scales across the regions. While
Determinants of Progression and Mortality in Alzheimer's disease: A Systematic Review behavioural symptoms progressed linearly, the cognitive decline was not linear [81] .
Many can wonder about the reason of the great differences in the outcomes of AD patients. There is no clear response but the field of proteomics might offer a glimpse of hope for a better understanding of the neurobiological basis of symptoms and progression. In this respect a combination of the levels of CSF biomarkers (Aβ 42 , p-tau, and ubiquitin, ApoE genotype and clinical onset resulted in five subgroups or clusters with different clinical profile and a possible different response to drugs [82] . The mechanisms by which neuroleptics have a negative impact in AD may be the accelerated development of neurofibrillary tangles in the brain cortex, as it was demonstrated in a study with 102 schizophrenics; the density of tangles was twice in treated patients (74%) as those nontreated (36%) [83] . Other possible explanation is the dysregulation of tau phosphorylation through the inhibition of protein phosphatase-2B, involved in the dephosphorylation process, caused by clssic neuroleptics such as clorpromazine, clozapine, and trifluoperazine [83] .
Strengths and Limitations
The strengths of this systematic review are: the use of data of patients from prospective cohorts with clear criteria of patient inclusion, the additional use of large population-based retrospective cohorts and nursing home-based cohorts, as well, so as to better reflect the real world effects of drugs. The work has been done free of commercial bias, and only based on objective data. The limitations can be listed as follows: the duration of the follow-up of the cohorts was variable, some of them included prevalent AD cases, others incident cases, and others both prevalent and incident cases. The patients included not always were in the same stage of the disease. Meta-analysis and metaregression have not been possible because of the incomplete datasets in some studies
In conclusion, from the data of this systematic review there is enough evidence supporting the association between high levels of neuropsychiatric symptoms and mortality, and faster cognitive deterioration (level I of evidence). Individually considered, the presence of hallucinations, agitation/aggression or depression, at baseline or in the follow-up, is predictive of poor outcomes (level I of evidence). Unlike clinical trials, prospective cohort studies do not support the hypothesis that neuroleptics increase mortality in AD and related dementias (level I of evidence). From large retrospective cohorts, we can conclude that conventional neuroleptics are most likely, or at least as likely, to be associated with a risk of death as the atypical ones (evidence level II). However the use of neuroleptics is associated with faster cognitive decline (evidence level I). The use of antidepressants does not seem to cause higher mortality or poorer cognitive outcomes but increase the risk of falls and fractures, and may have also negative influence on sleep and behaviour (evidence level I). As usual, a judicious use of psychotropic drugs is advised, bearing in mind the ups and downs in every patient.
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